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(57) ABSTRACT

A tire 1nflation pressure monitor includes wheel transmitters
and a receiver. The wheel transmitters transmit tire inflation
pressure data by radio waves, and the receiver receives the
data from the transmitters. The receiver includes reception
antennas for receiving radio waves from the transmitters and
a recerver unit for processing the received data. The recep-
tion antennas include external reception antennas, which are
separated from the receiver unit, and at least one internal
reception antenna, which 1s located 1n the receiver unit. The
number of the external reception antennas 1s less than that of
the transmitters by one. As a result, the receiver 1s simplified
without reducing 1ts performance. Also, a loop antenna,
which 1s used as a reception antenna to induce voltage by the
magnetic field component of radio waves, improves the
cficiency of the receiver.

20 Claims, 3 Drawing Sheets
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RECEIVER OF TIRE INFLATION PRESSURE
MONITOR

BACKGROUND OF THE INVENTION

The present invention relates to a tire inflation monitor for
vehicles. More specifically, the present invention relates to
a recerver for receiving tire mflation pressure data transmit-
ted by a wireless transmitter located 1n a fire.

Wireless tire inflation pressure monitors have been pro-
posed so that the tire mflation pressures of tires of a vehicle
can be checked 1n the passenger compartment. The monitor
includes transmitters attached to the wheels and a receiver
located 1n the body of the vehicle. Each transmitter measures
a tire inflation pressure of a corresponding tire and performs
wireless transmission of data including the measured infla-
tion pressure data. The receiver receives the data from each
transmitter and displays information concerning tire infla-
tion pressure of each tire on a display, which 1s located, for
example, 1n front of the driver’s seat.

A typical vehicle having four tires includes four trans-
mitters corresponding respectively to the tires. The output
strength of radio waves from each transmitter 1s limited by
local communications laws and cannot be greatly increased.
The receiver has four reception antennas that respectively
correspond to the four transmitters, to ensure reception of
weak radio waves from the transmitters. The reception
antennas are located 1n the vicinity of the tires, which have
the built-in transmitters, for example, in or near the fenders
(cf. Japanese Unexamined Utility Model Publication No.
2-74204). The receiver receives the weak radio waves from
the transmitters through the corresponding reception anten-
nas.

A receiver unit 1s located 1n the passenger compartment or
the trunk. The reception antennas are located apart from the
receiver unit and are connected to the receiver unit through
cables. Theretfore, the wiring between the receiver unit and
the reception antennas 1s complicated. This complicates the
entire system and the cost of the monitor.

The reception antennas described 1n the above Publication
No. 2-74204 are arcuate wire antennas, which extend along
the fenders. Each wire antenna induces voltage mainly by an
clectric field component of radio waves. However, most
vehicle bodies have metal fenders, which are likely to
influence the electric field component of radio waves. The
clectric field component of radio waves attenuates in the
vicinity of metal materials. Therefore, the wire antennas
attached to the fenders cannot efficiently receive radio waves
from the transmitters.

To 1improve the efficiency of receiving radio waves, each

wire antenna must be separated from the metal surface of the
corresponding fender as much as possible. However, 1if the
distance between a wire antenna and the metal surface is
varied even slightly, the performance of the wire antenna
varies greatly. This makes 1t difficult to maintain the quality
of the monitor. Also, when one of the wire antennas 1s
separated from the metal surface of the corresponding
fender, the wire antenna may interfere with the correspond-
Ing tire.
The length of each wire antenna may be increased to
improve the efficiency of receiving radio waves. However,
his increases the size of the wire antennas and i1s not
desirable.

SUMMARY OF THE INVENTION

An objective of the present invention i1s to provide a
receiver of a tire inflation pressure monitor that simplifies
the entire system.
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Another objective of the present invention 1s to provide a
receiver of a tire inflation pressure monitor that improves the
cficiency of receiving radio wave.

To achieve the above objectives, the present invention
provides a receiver located mm a body of a vehicle for
receiving tire iniflation pressure data transmitted by radio
waves from a plurality of transmitters. The receiver imcludes
a plurality of reception antennas for receiving the radio
waves from the transmitters and a unit for processing the
received data. The reception antennas include at least one
external reception antenna, which 1s separated from the unat,
and at least one 1nternal reception antenna, which 1s located
in the unit.

The present invention further provides a receiver located
in a vehicle body for receiving tire inilation pressure data
transmitted from a transmitter by radio waves. The receiver
includes a reception antenna for receiving radio waves from
the transmitter. The reception antenna 1s a loop antenna,
which induces voltage based on a magnetic field component
of radio waves.

Other aspects and advantages of the invention will
become apparent from the following description, taken in
conjunction with the accompanying drawings, illustrating by
way of example the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

The 1invention, together with objects and advantages
thereof, may best be understood by reference to the follow-
ing description of the presently preferred embodiments
together with the accompanying drawings 1in which:

FIG. 1 1s a diagrammatic view of a tire inflation pressure
monitor according to one embodiment of the present inven-
tion;

FIG. 2 1s a block circuit view showing the transmitter of
the monitor of FIG. 1;

FIG. 3 1s a block circuit view showing the receiver of the
monitor of FIG. 1;

FIG. 4 1s a schematic view showing one example of the
reception antenna in the receiver of FIG. 3; and

FIG. 5 1s a schematic view showing another example of
the reception antenna in the receiver of FIG. 3.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

A tire 1nflation pressure monitor according to one embodi-

ment of the present invention will now be described with
reference to the FIGS.

As shown 1n FIG. 1, a tire inflation pressure monitor
includes four transmitters 3 and a receiver 4. The transmit-
ters 3, which are located 1n the four tires 2 of a vehicle 1,
respectively, are fixed to the corresponding wheels 5. The
receiver 4, which 1s located 1n a vehicle body 6 of the vehicle
1, includes three external reception antennas 23 and one
internal reception antenna 24. The three external reception
antennas 23 correspond to three of the four transmitters 3,
and the internal reception antenna 24 corresponds to the
remaining transmitter 3.

Each transmitter 3 measures the internal air pressure of
the corresponding tire 2 and performs wireless transmission
of data mcluding data representing the measured pressure.
The receiver 4 receives the data from the transmitters 3
mainly through the corresponding antennas 23, 24. All the
transmitters are 1dentical, therefore, only one transmitter will
be described for simplifying the description.
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As shown 1n FIG. 2, the transmitter 3 includes a controller
10, which 1s a kind of microcomputer. The controller 10
includes, for example, a central processing unit (CPU), a
random access memory (RAM), and a read only memory
(ROM). A unique ID code is registered in an internal
memory of the controller 10, for example, 1n the ROM 1n
advance. The ID code 1s used to distinguish each transmitter
3 from the other transmitters 3.

A pressure sensor 11 measures the 1nternal air pressure of
the corresponding tire 2 and sends the pressure data to the
controller 10. The controller 10 sends data including the
pressure data and the ID code to a transmission circuit 13.
The transmission circuit 13 encodes and demodulates the
data from the controller 10 and wirelessly transmits the data
through a transmission antenna 14.

Abattery 16 powers the transmitter 3. The transmitter 3 1s
operated by electric power from the battery 16.

A receiver 4 shown 1 FIG. 1 and 3 1s powered by, for
example, a battery (not shown) of the vehicle 1. The receiver
4 1ncludes a receiver unit, or main body 20, which 1s located
at a predetermined location on the vehicle 1, that 1s, in the
vicinity of one of the tires 2. The internal reception antenna
24 15 located 1n the main body 20 and near a corresponding,
one of the tires 2. The external reception antennas 23 are
separated from the main body 20 and are located near
corresponding tires 2.

The main body 20 includes three mput terminals 27. The
external reception antennas 23 connected to the input ter-
minals 27 respectively through cables 26. The cables 26 are
preferably coaxial cables. A display 25 1s located 1n a visible
range of the driver 1n the vehicle 1. The display 25 1is
connected to an output terminal 28 of the main body 20 by

a cable 29.

As shown 1n FIG. 3, the main body 20, which processes
received data, includes a controller 21 and a reception circuit
22 1n addition to the internal reception antenna 24. The
controller 21, which 1s a kind of a microcomputer, includes,
for example, a CPU, a RAM, and a ROM. The reception
circuit 22 receives data from the transmitters 3 mainly
through the corresponding reception antennas 23, 24. The
reception circuit 22 also sends data to the controller 21 after
demodulating and decoding the received data.

The controller 21 judges the internal air pressure of the
fires 2 based on the received data. The controller 21 also
commands a display 25 to display information including tire
inflation pressure. The display 25 may warn of an abnor-
mality in the tire inflation pressures.

The receiver 4 includes the three external reception anten-
nas 23, which correspond to three of the transmatters 3, and
the 1nternal reception antenna 24, which corresponds to one
of the transmitters 3. Therefore, only three reception anten-
nas 23 need to be connected to the main body 20 of the
receiver 4, which reduces the number of reception antennas
that have to be connected to the main body 20 through the
cables 26. In other words, the number of the reception
antennas 23 is less than the number of the transmitters 3
attached to the vehicle 1.

Compared to the prior art receiver, in which the number
of the external reception antennas 1s the same as that of the
transmitters attached to the vehicle, the wiring between the
main body 20 and the external reception antennas 23 1is
simplified. Furthermore, the main body 20 needs only three
input terminals 27 for the external reception antennas 23,
which simplifies the structure of the main body 20. As a
result, the entire system of the monitor 1s simplified, which
reduces costs.

10

15

20

25

30

35

40

45

50

55

60

65

4

Although the number of the external reception antennas
23 1s smaller than that of the transmitters 3, the performance
of the receiver 4 1s equal to that of the prior art receiver.

Actually, each reception antenna 23, 24 receives radio
waves from not only the corresponding transmitter 3 but also
from the other transmitters 3. Therefore, the number of
external reception antennas 23 can be reduced. Even 1if the
number of external reception antennas 23 1s less than three,
radio waves from the four transmitters 3 can be received by
cach antenna 23, 24, depending on various conditions that
include the size of the vehicle 1 and the installation envi-
ronment of the antennas 23, 24. If the number of the external
reception antennas 23 1s less than three, the structure of the
monitor 1s further simplified.

As another example, the number of internal reception
antennas 24 may be two or more and the number of the
external reception antennas 23 may be two or less.

FIG. 4 shows exemplary external reception antennas 23,
which are wire antennas. Each reception antenna 23, or each
wire antenna 23, extends along the arcuate surface of the
corresponding fender 6a of the vehicle 6. Accordingly, each

wire antenna 23 faces the tire 2 1n the corresponding fender
6a.

As described 1n the previous BACKGROUND OF THE
INVENTION section, each wire antenna 23 induces voltage
by an electric field component of radio waves. However,
most of the vehicle, including the fenders 64, 1s metal, which
attenuates the electric field component of radio waves.
Therefore, the wire antennas 23 may be separated from the
metal surfaces of the fenders 6a.

FIG. 5 shows an external reception antenna 23 and an
internal reception antenna 24, which are magnetic field type
loop antennas. Each external loop antenna 23 1s accommo-
dated 1n a case 30 made of an 1nsulator and 1s attached to the
surface of the corresponding fender 6a of the vehicle 6. In
other words, each loop antenna 23 1s installed through the
insulator 30 to face the corresponding tire 2. The internal
loop antenna 24 1s located in the main body 20 near the
corresponding tire 2 (fender 6a).

The loop antennas 23, 24 induce voltage mainly by a
magnetic field component of radio waves. Unlike an electric
field component, a magnetic field component 1s likely to be
amplified by metal. Therefore, the external loop antennas 23
attached to the metal fenders 6a ethiciently receive radio
waves from the transmitters 3.

It has been proven by experiments that the value of the
voltage 1nduced by one of the wire antennas 23 of FIG. 4 1s
different from that induced by one of the loop antennas 23
of FIG. §. According to the experiments, the voltage induced
by the loop antenna 23 was greater than that induced by the
wire antenna 23 by the degree of 8 dB uV.

The loop antennas 23, 24 of FIG. § are manufactured
using printed boards. This permits high quality mass pro-
duction of the antennas 23, 24 and reduces manufacturing
COSIS.

The wire antennas 23 of FIG. 4 and the loop antennas 23
of FIG. § are attached near the fenders 6a but may be
attached to other parts of the vehicle 6 or in the vicinity of
the fenders 6a as long as good reception of radio waves 1s
possible.

The present examples and embodiments are to be con-
sidered as 1llustrative and not restrictive and the invention is
not to be limited to the details given herein, but may be
modified within the scope and equivalence of the appended
claims.
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What 1s claimed 1s:

1. A receiver located 1n a body of a vehicle for receiving
fire 1nflation pressure data transmitted by radio waves from
a plurality of transmitters, wherein the receiver includes a
plurality of reception antennas for receiving the radio waves
from the transmitters and a unit for processing the received
data, the reception antennas comprising:

at least one external reception antenna, which 1s separated
from the unit, wherein each external reception antenna
corresponds to at least one of the transmitters; and

at least one 1nternal reception antenna, which 1s located 1n
the unit, wherein each internal reception antenna cor-
responds to the remaining transmitter or transmitters.

2. The recerver according to claim 1 further including a
cable for connecting the external reception antenna to the
unit.

3. The receiver according to claim 1 further including a
display connected to the unit for displaying information
concerning tire inflation pressure.

4. The receiver according to claim 1, wherein the external
reception antenna 15 a loop antenna that induces voltage
based on a magnetic field component of radio waves.

5. The recerver according to claim 4, wherein the loop
antenna 1s attached to the vehicle with an insulator.

6. The recerver according to claim 5, wherein the 1nsulator
forms a case for accommodating the loop antenna.

7. The receiver according to claim 1, wherein the internal
reception antenna 1s a loop antenna that induces voltage
based on a magnetic field component of radio waves.

8. The receiver according to claim 1, wherein the vehicle
includes a plurality of tires, wherein each of the transmitters
1s 1nstalled 1n one of the tires, wherein the total number of
the external and 1nternal reception antennas 1s the same as or
less than that of the transmitters.

9. The receiver according to claim 8, wherein the vehicle
body includes a plurality of fenders respectively housing the
fires, wherein the external reception antenna 1s located 1n or
near one of the fenders, and the iternal reception antenna 1s
located near a corresponding one of the fenders.

10. The recerver according to claim 8, wherein the number
of the external reception antennas 1s smaller than the number
of the transmitters by one, and there 1s one 1nternal reception
antenna.

11. The receiver according to claim 1, wherein the vehicle
includes a plurality of tires, wherein each of the transmitters
1s 1nstalled 1n one of the tires, wherein the total number of
external and internal reception antennas 1s the same as that
of the transmitters.

12. The receiver according to claim 11, wherein the
vehicle body includes a plurality of fenders respectively
housing the tires, wherein at least one external reception
antenna 1S located 1n or near one of the fenders, and at least
one 1nternal reception antenna 1s located near a correspond-
ing one of the fenders.

13. The receiver according to claim 12, wherein the
number of external reception antennas i1s smaller than the
number of the transmitters by one, and there 1s one internal
reception antenna.
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14. A recerver located 1n a body of a vehicle for receiving
tire 1nflation pressure data transmitted by radio waves from
a plurality of transmitters, wherein the receiver includes a
plurality of reception antennas for receiving the radio waves
from the transmitters and a unit for processing the received
data, the reception antennas comprising:

at least one external reception antenna, which 1s separated
from the unit; and

at least one 1nternal reception antenna, which 1s located 1n
the unit, wherein the number of the tires 1s four and the
number of the transmaitters 1s four, wherein each of the
transmitters 1s 1nstalled 1in one of the tires, wherein the
external reception antennas correspond respectively to
three of the tires, and the internal reception antenna
corresponds to the remaining tire.

15. A tire inflation pressure monitor including a plurality
of transmitters located respectively 1n proximity to the tires
of a vehicle for transmitting tire inflation pressure data by
radio waves and including a receiver located 1 a vehicle
body for receiving data from the transmitters, the receiver
comprising:

a unit for processing the received data; and

a plurality of reception antennas for receiving radio waves
from the transmitters, the reception antennas including:
a plurality of external reception antennas, which are
separated from the unit, wherein the number of the
external reception antennas 1s smaller than that of the
transmitters, and wherein each of the external recep-
tion antennas corresponds to at least one of the
transmitters; and
one 1nternal reception antenna, which 1s located in the
unit, wherein the internal reception antenna corre-

sponds to the remaining transmitter or transmitters.

16. The monitor according to claim 15, wherein each
external reception antenna 1s a loop antenna, which imduces
voltage based on a magnetic field component of radio waves.

17. The monitor according to claim 16, wherein each loop
antenna 1s encased by an insulator when installed on the
vehicle body.

18. The monitor according to claim 15, wherein the
internal reception antenna 1s a loop antenna, which imnduces
voltage based on a magnetic field component of the radio
waves.

19. The receiver according to claim 15, wherein the
vehicle includes a plurality of tires, wherein each of the
transmitters 1s 1nstalled 1n one of the tires, wherein the total
number of external and internal reception antennas 1s the
same as that of the transmitters.

20. The receiwver according to claim 19, wherein the
vehicle body includes a plurality of fenders respectively
housing the tires, wherein at least one external reception
antenna 1S located 1 or near one of the fenders, and the
internal reception antenna 1s located near a corresponding
one of the fenders.
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